Recently, non-invasive, real-time and multi-point measurement of neural activities has become possible by using a multi-electrode array (MEA). Another method for multi-point measurement is the fluorescent imaging technique using voltage indicator dyes or calcium indicator dyes. Especially, calcium imaging using fluorescent calcium indicator dyes is often more useful, because they exhibit larger changes in the fluorescence intensity than voltage indicator dyes and their fluorescence changes can be detect easily. Additionally, calcium signals play key roles in the brain function, such as the long-term potentiation (LTP) in the hippocampus, and calcium imaging can be a powerful tool to elucidate the brain function. In this study, we constructed a measurement apparatus combining the MEA system and laser confocal calcium imaging and simultaneously measured electric signals and calcium signals in acute mouse hippocampal slices. The obtained results showed the availability of the present method.
Introduction
The brain function is based on complicated interactions among electric neural activities, intracellular calcium signals, intercellular communications by neuro-transmitters, and so on. In the hippocampus, the long-term potentiation (LTP), a persistent increase in synaptic strength following high-frequency stimulation of a chemical synapse, is a widely accepted cellular model for learning and memory, and an activity-dependent intracellular Ca 2+ increase represents a key signal for the activation of the mechanism. At the synapse between the CA3 region and CA1 region, where the neurotransmitter is glutamate, Ca 2+ influx through NMDA (N-methyl-D-aspartate) receptors in postsynaptic membrane induces increases in the activity and number of AMAP (α-amino-3-hydroxy-5-methyl-4-isoxazolepropionicacid) receptors and the quantity of released glutamate following the activation of a series of second messengers [1] . The involvement of calcium signals in the LTP mechanism was shown by using Ca 2+ chelator [2] and caged Ca 2+ [3] , and calcium imaging technique [4] 
Materials and Methods

Chemicals
Cal-520 AM, a fluorescent calcium indicator dye, was purchased from AATBioquest (CA, USA). All other chemicals were of the highest purity commercially available.
Slice Preparations
Male ddY mice (1-week-old) were purchased from Sankyo Labo Service (Tokyo, Japan). They were killed by cervical dislocation followed by decapitation. 95% O 2 /5% CO 2 ) which can prevent cell damages [21] . The slices were recovered in ACSF at 30˚C for 60 min and held at room temperature.
The care of animals and experimental procedures were carried out in accordance with national and institutional guidelines, and all experimental protocols were approved by Nihon University Animal Care and Use Committee.
Laser Confocal Calcium Imaging
The prepared hippocampal slices were stained with Cal-520. The slices were 
Multi-Electrode Array Recording
The planar glass MEA chip used comprised 64 electrodes (50 × 50 µm) with 150 µm spacing in 8 × 8 grid arrangement (MED-P515A, Alpha MED Scientific, Japan). The extracellular electric signals detected through the electrodes were amplified by 64-channel main amplifier (MED-D64A32, Alpha MED Science, Japan) and 64-channel head amplifier (MED-A64HE1S, Alpha MED Science, Japan) and acquired on a personal computer (PRECISION T1700, DELL) at a rate of 20 kHz/channel. In some experiments, the electrodes were used for electric stimulation which was applied for the LTP measurement. A schematic illustration of the present apparatus is shown in Figure 1 .
Data Analysis
We obtained raster plots from the peaks of the measured calcium signals as follows. From each pixel of the camera, the photocount was acquired as the fluorescence intensity ( 
Results and Discussion
We combined the MEA system and laser confocal calcium imaging ( Figure 1 ) and simultaneously measured extracellular electric signals and intracellular calcium signals in acute mouse hippocampal slices. As the calcium indicator dye, we used Cal-520 which is recently developed and exhibits a large fluorescence change [23] [24]. Although we used an upright microscope in the present study, an inverted microscope could be suitable for another study. Especially in such a case, we must detect the calcium signals through the glass MEA chip and therefore Cal-520 will be preferable. In our previous experiments, the average peak amplitude of calcium signals and SNR of Cal-520 were estimated to be about 11.5% and 3.4, respectively, while those of Oregon green which has been much often used for laser confocal calcium imaging [21] [22] were estimated to be 6.5% and 2.0 (not published data).
We first measured spontaneous electric signals and calcium signals simultaneously using the present method. Here, no stimuli were applied anywhere. Sometimes such spontaneous neural activities occurred without any stimuli. The electric signals were measured in the whole of hippocampus (Figure 3 whole of hippocampus, where larger burst-like signals were seen in the CA3 region, and the calcium signals of the CA1 region seem to occur simultaneously. Expanding the time scale, however, the calcium signals occur with a time delay of a few hundred of milliseconds from the electric signals ( Figure 5 ). On the other hand, no distinct time delay was detected among the electric signals of those regions and therefore it was unclear where the spontaneous neural activities originated. of Figure 7 ). Figure 8 shows the raster plots of the calcium signals. In this slice, obvious spontaneous neural activities could not be seen; the average peak number of calcium signals was 0.82/min per one ROI before the theta burst stimulation. The test stimuli did not also induce more calcium signals. However, as expected, the calcium signals remarkably increased during the theta burst stimulation; the average peak number of calcium signals was 7.82/min per one ROI. After the theta burst stimulation, it became 0.83/min per one ROI, which did not much increase compared with that before the stimulation.
Conclusions
In this study, we constructed a measurement apparatus combining the MEA system and laser confocal calcium imaging. For the calcium indicator dye, we used Cal-520 which is recently developed and exhibits a large fluorescence change. By the present method, we simultaneously measured extracellular electric signals and intracellular calcium signals in acute mouse hippocampal slices. We showed the availability of the present method by obtaining the following results:
1) The calcium signals in the CA1 region occur with a time delay of a few hundred of milliseconds from the electric signals in the DG, CA3 and CA1 regions, while no distinct time delay was detected among the electric signals of those regions.
2) During the LTP induction by applying the theta burst stimulation to the Shaffer collateral, the calcium signals in the CA1 region remarkably increased as expected, while the calcium signals after the theta burst stimulation did not much increase compared with those before the stimulation. To elucidate the brain function, we need to measure complicated interactions among electric neural activities, intracellular calcium signals, intercellular communications by neurotransmitters, and so on. The present method will be the first step to realize it, and we hope that the present method will contribute to the future studies on the brain function including the LTP mechanism in the hippocampus.
